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Abstract

Title of Dissertation: Remotely Piloted Aircraft Systems in the Maritime Sector

Degree:

Master of Science

The utilisation of unmanned aerial vehicles, commonly known as drones, is
something that has developed in leaps and bounds over the past several decades. This
dissertation will, among other things, investigate the most recent shifts that have
taken place in the legal framework that governs the operation of drones and will
report its findings. To accomplish this, it will be discussed what the development of
both European and national legislation has been throughout time. A chapter will be
dedicated to the technical features of drones, as well as their evolution, and how
some of these technical aspects can be more favourable than others. Another chapter
will be devoted to clarifying what are the minimum requirements that the operators
of these devices must have, and it will be displayed in a way that is as visual as is
possible. Since there is such a wide variety of drones, each with their own different
characteristics and functions, how they should be categorised, and what standards
they will need to satisfy to get a mark from the European Community on their
chassis will be explained. In the final stage of the work, an assessment will be made
of the numerous maritime application areas, both potential and existing, that could
make the use of the devices under discussion. Because of this, it is important to
consider the ongoing research and development that goes into the creation of
innovative technologies that will be incorporated into drones to produce an
application that is both more complex and more accurate.
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Chapter 1 - Introduction
1.1 Background
A drone is simply an unmanned aerial technical equipment with one of the best
prospects for application in both the civil and military realms for a wide range of
purposes.
One of the first tasks to tackle is the terminology: a drone is a popular name for an
unmanned aircraft, which encompasses both Remotely Piloted Aircraft (RPA) and
autonomous drones.
Drones pose significant legal challenges from a variety of perspectives, including not
only the regulation of the device and its use (airworthiness, identificationregistration, piloting requirements and licenses, safety, liability, and so on), but also
the regulation of related systems and applications. In addition, there is also the
potential infringement of fundamental rights (particularly privacy, image, or data
protection) and other factors that contribute to the phenomenon of drones.
Given the various applications that drones have for military, surveillance and
security uses, police investigation, scientific investigation, journalism, photography
and video, firefighting, construction control and impact assessment, rescue, etc., it
can be considered that there is a disruptive technology that is called to "dronify"
different and multiple sectors.
This dissertation focuses on the one hand, on the legal framework for the
professional use of drones, which could lead to significant improvements in several
industries, and all of this necessitates rules that, while meeting all safety criteria,
allow for efficient and profitable usage.
One of the current issues is the existing regulatory complexity, likely linked to the
transition period between state and European legislation in which we find ourselves.
1

On the other hand, the dissertation focuses on how recent technological
advancements have resulted in a true revolution in the development and upgrading of
drones for various applications. These potential applications were first developed in
the airspace and then in the aquatic space. In reality, the number of units employed
and their potential applications in this context are increasing exponentially. Indeed,
among the application sectors, we can mention: life-saving drones, ship construction,
maintenance, and repair, or various maritime infrastructures; maritime surveillance;
environmental use of drones to control possible spills and polluting emissions from
ships, or the monitoring and control of climate change; search and rescue; support for
the prediction and management of natural disasters, facilitating early warning, and so
on.
In short, we can say that we are witnessing a technical advancement with huge
growth potential, as these drones' usage provides an enormous range of functionality.
Especially given that their versatility and efficiency on occasion constitute a clear
advantage over traditional solutions where human lives are at stake, as in the case of
life-saving drones or the employment of naval inspection.

1.2 Research Objectives
The purpose of this study is to see if the usage of drones in the maritime sector is
feasible and valuable. As a result, the research will look into scenarios in which
drones could be deployed and how and why they might be valuable. In addition, this
study will look at how RPAS can overcome past and current difficulties.

On the other hand, this dissertation has the objective to investigate the actual
legislation used for RPAS and Unmanned Underwater Vehicles (UUV). In the case
that there is no existing legislation, the appropriate legal framework should be
developed.
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To achieve the research aim, the study progresses according the following three
objectives:
1. The study looks to identify the international and national legal framework
used for drones, taking into consideration the many recent changes;

2. The study examines the great variety of technical aspects with which drones
can be constructed with, after it has been addressed, how they should be
classified and marked according to such technical aspects;

3. The study intends to investigate the different way drones are being used in
the maritime sector, and if it has positive or negative impact.

1.3 Research Questions
The results of the study will be based on the following research questions:


What is the actual legal framework in Europe and Spain? Is there any legal
gap?



In what parts of the maritime sector could drones be useful, and how could
this impact our society?



Are there any existing barriers that deter the use of drones in the maritime
industry?

1.4 Methodology
In this section, the proposed methodology for the research is discussed to achieve the
scope of the research. Information has been collected mainly from European and
Spanish legislation, along with documents belonging to private and public companies
that describe and analyze the implementation of the use of drones.
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Document analysis is a qualitative research method in which the researcher interprets
the texts to offer context and meaning to a topic under review (Bowen, 2009).
Thorough document analysis is required for an organization to define successful
document standards. Before creating new document structures and document
management techniques, it is important to analyze and explain the present documents
and document management procedures (Salminen et al., 1997).
Relevant literature is used to achieve the research aims. The literature includes
reports, journal articles, books, book sections, and official webpages.

1.5 Scope of Research
Based on the intention to provide a clear picture of the situation of the use of drones
in Spain and compare it with some other countries in Europe or even Latin America,
the research of this dissertation is looking for the most reliable answers to understand
what the actual scenario is, and what could be a realistic future scenario for the use
of drones in the maritime sector.

1.6 Limitations
This study has the following limitations:


Given the progressive nature of drones and their novelty in the maritime
industry, there is a lack of current knowledge, given that few previous studies
have been conducted.



This research addresses qualitative considerations; in the future, a more
practical approach might be used to further develop the topic on the use of
drones in the maritime industry



The case study is limited to one country of the European Union; therefore, it
might not be a fully representative sample. Additional case studies on other
countries could be considered for the future

4

1.7 Dissertation Structure
The structure of the dissertation is divided into six chapters. In Chapter One
(Introduction), essential information is needed to understand the main objectives of
this dissertation, which will be achieved by studying and evaluating the research
questions and limitations. In this chapter, the methodology used and the structure of
the dissertation have been included.
Chapter Two is a literature review on drones, legislation, and applications of drones
in the maritime industry.
Chapter Three consists of the European and Spanish legal framework in which
drones are regulated nowadays.
Chapter Four analyze the different technical aspects of drones, which vary
significantly in size, arrangement, and complexity.
Chapter Five explains the complicated classification of drones, which has recently
been modified and combined with the CE marking required.
Chapter Six exposes the different applications in the maritime sector in which drones
are being used. It will also talk about current projects that are being investigated and
tested for their possible future implementation.

5

Chapter 2 – Literature Review
2.1 Introduction
Drones have long been used for specific purposes. Since the 1960s, the US Army has
used this type of aircraft on reconnaissance missions. These platforms were then
expanded to civil applications in the 1980s. The earliest of these events had place in
Japan, with agricultural fumigation tasks. However, technological advancements and
cost reductions, together with improvements in the efficiency and dependability of
these systems, have recently made widespread usage of drones viable. The term
"drone" refers to any aircraft that does not have a pilot on board. Drones are
differentiated mainly into two groups based on their degree of autonomy during
operation:
1. Autonomous drones that do not require human interaction for the majority of
their operations.

2. Remote control drones, in which a pilot constantly operates the drone. These
are commonly referred to as RPAS (Remotely Piloted Aircraft System).
In a nutshell, a drone is an aircraft with no human pilot on board, hence the alternate
name unmanned aerial vehicles (UAVs). Drones are robots that are typically
controlled remotely by a pilot, while completely autonomous drones are in the
process. Drones were originally designed to be safer and less expensive alternatives
to conventional military aircraft. They are still employed for military purposes today,
but they are also consumer toys and sources of commercial operational efficiency.
There are various sorts of drones. They differ based on their components, namely the
number of arms and the arrangement of the motors. As a result, several variables
must be considered.

6

2.2 Legal Framework of Drones
The recent regulation is Regulation (EU) 2018/1139 of the European Parliament and
of the Council of July 4, on common rules in civil aviation and establishing a
European Union Agency for Aviation Safety. It entered into force on September 11,
2018, but with staggered effectiveness, giving national legislators a reasonable time
to adapt, and it was necessary to achieve proper legislative harmonization
(Reglamento (UE) 2018/1139 Del Parlamento Europeo Y Del Consejo, 2018).
This new regulation incorporates drones into the broader scope of general civil
aircraft regulation, with the main goal of "establishing and maintaining a high and
uniform level of civil aviation safety in the Union" (art. 1.1 Regulation (EU)
2018/1139). It assumes the European Union's awareness of the need to respond to the
challenges of drone technology through a homogeneous regulation at the European
level, independently of the mass at take-off, which attends to the sort of operations
and the risk connected with them while keeping what referred as specific notes of
flexibility. (Sarrión Esteve et al., 2021).
States may seek to pass national laws introducing restrictions for drone operations
"for reasons beyond the scope of this Regulation, in particular for reasons of public
security or privacy and personal data protection in line with Union Law" (art. 56.8
Regulation 2018/1139) (Pérez, 2021). It was opening up the possibility to the
creation of additional requirements to those existing in the European standard, to
regulate drone operations for purposes of "public security" or privacy and personal
data protection. However, it appears to imply that it is an open list, and that other
causes legitimize the introduction of other requirements or restrictions to allow drone
operations as long as it follows European Union Law. (Sarrión Esteve et al., 2021)
Furthermore, it is important to note that the Commission's Delegated Regulation
(EU) 2019/945 developed unmanned aircraft systems and third-country operators of
unmanned aircraft systems, dated March 12, 2019. It is also supported by the
Commission's Implementing Regulation (EU) 2019/947, dated May 24, 2019, on the
7

rules and procedures applicable to the use of unmanned aircraft. (Comisión Europea,
2019)
As a result, Member States must adapt their domestic legislation to the current
European regulations, and it does not seem that Royal Decree 1036/2017, presently
in effect in Spain, is sufficient. (Fernández Vallejo, 2020)
The matter of nautical drones has received little attention in Spanish doctrine. The
majority of the inquiries were found in foreign legal literature. Aquatic drones are
currently an illegal aspect of the legal system that is either unaware of their existence
or ignores them (Estepa Montero, 2021). The use of these devices has lately been
highlighted by the European Maritime Safety Agency (EMSA).
Despite not being expressly regulated, these vehicles already operate in rivers, seas,
etc., being exposed to the risks associated with their nautical activity on the one
hand. It is also capable of being the subject of legal relations of the most diverse
nature, both in the private, civil and commercial, as well as public, administrative,
and even criminal, for example, constituting aquatic drones as a means of
surveillance (Fernández Vallejo, 2020). Environmental administrative offenses, as
well as criminal offenses stemming from both. (Estepa Montero, 2021)
The Strategic Plan for Drone Development in Spain 2018-2021 has aimed to
establish and order the framework of action to improve the industry's
competitiveness and leadership, positioning Spain as an outstanding leader in the
civil drone sector, which we hope bears fruit, given the sector's increasing
importance. As a result, the European Commission estimates that by 2035, the drone
sector will directly employ more than 100,000 people and have an annual economic
effect

of

more

than

ten

billion

euros
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(Gobierno

de

España,

2018).

2.3 Classification
The rules and procedures governing the operation of these devices must be tailored
to the operational characteristics of the unmanned aircraft. There are also
requirements for airworthiness, organizations, and people involved in its use and
operations to ensure the safety of individuals on the ground and other airspace users
during the operations (Sarrión Esteve et al., 2021).
The necessity to regulate this hazard and establish these various technical conditions
while considering the apparatus's characteristics defines which one must be grouped
by categories that determine the type of administrative intervention to which the
aircraft is subjected (González Botija, 2019). Article 3 of Regulation 2019/947
specifies the thorough classification of categories and their meaning under the
heading "Categories of UAS operations." In which a complex triptych of unmanned
aircraft kinds that have been sought to be formed in the EU is introduced (González
Botija, 2019).
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Chapter 3 – Drone Legislation and Regulations for Maritime
Safety
Known that he utilization of flying devices, such as any other device for study or
research in any facility, requires authorization from a competent entity. In addition,
the regulatory framework for general compliance is included below, both from the
standpoint of the use of flying devices, such as in compliance with the International
Ship and Port Facility Code (ISPS Code).
It should be noted that the capability to use devices within the port, along with
accesses and others, will be primarily determined by the port authority as well as its
protection plan since they are the only ones with the competence to approve or
prohibit the use of their facilities (Estepa Montero, 2021).
The ISPS Code consists of 2 parts, A and B. Part A contains mandatory provisions
and Part B recommendations. To support what is mentioned in the previous
paragraph, reference is made to Part A of said Code.
The ISPS Code's objective is to protect against those events that may affect ships or
port facilities. Events are intended primarily to refer to terrorist attacks, although the
measures contained in the code also help combat other criminal acts such as theft,
smuggling, and stowaway. (‘RPAS Para SAR, Prevención Y Detección De La
Contaminación Marina/Aérea. Uso Del Sistema De Información Geográfica (GIS).’,
2016)
The International Convention for the Safety of Life at Sea (SOLAS) chapter XI-2
“Special measures to enhance maritime security” makes the application of the ISPS
mandatory for ships, their companies, and port facilities located within the scope of
the said chapter: (International Maritime Organization, 1992/2020)
SOLAS XI-2 applies to the following ships on international voyages and to
the facilities where they operate:
10



Passenger ships, including high-speed craft



Cargo ships, including high-speed ships, of GT>=500



Mobile offshore drilling units.

It does not apply to warships or other State ships destined for noncommercial purposes. (International Maritime Organization, 1992/2020)
The Code has three levels of protection, which will be established by assessing the
existing risks. The possible levels are (International Maritime Organization, 2003):
1. Protection level 1: The normal level of protection, in which permanent
minimum protection measures will be maintained.
2. Protection level 2: Requires maintaining additional protection measures for a
period of time due to an increased risk.
3. Protection level 3: It is the highest protection level. It will be established
when an event affecting maritime security is probable or imminent.
The ISPS Code does not allow a State to delegate the establishment of protection
levels to a recognized protection organization. In Spain, these levels will be
established by the Ministry of the Interior, which is also responsible for establishing
the minimum contents of the Protection Plans and coordinating the State Security
Forces in the event of a Protection Alert (International Maritime Organization,
2003).
The code requires in Section 15 Part A that a Port Facility Security Assessment
(PFSA) must be carried out. It consists of risk analysis:
𝑅𝑖𝑠𝑘 = 𝑇ℎ𝑟𝑒𝑎𝑡 𝑥 𝑉𝑢𝑙𝑛𝑒𝑟𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑥 𝑆𝑒𝑣𝑒𝑟𝑖𝑡𝑦
With the results of these evaluations, the respective protection plans are prepared.
The responsibility of the PFSA lies with the Port Authorities and can also be carried
out by a recognized organization, although in this case the subsequent approval by
the Administration is necessary. (International Maritime Organization, 2003)
11

Some ports, as in the case of Barcelona, are also classified as critical infrastructure,
which means that their disruption or destruction could have a substantial impact on
citizens’ health, safety, or economic well-being or on the efficient operation of
member-state administrations; as a result, more and more strict security and control
measures are required (Domènech Fernández, 2017).

3.1 Origin of Regulation in Europe
The 1944 Convention on International Civil Aviation, commonly known as the
Chicago Convention, could be said to be the most relevant regulation at the time
because, in addition to being very innovative and comprehensive, an article was
dedicated to pilotless aircraft for the first time - in article 8- which stated that:
No aircraft capable of being flown without a pilot shall be flown without a pilot
over the territory of a contracting State without special authorization by that State
and in accordance with the terms of such authorization. Each contracting State
undertakes to ensure that the flight of such aircraft without a pilot in regions open
to civil aircraft shall be so controlled as to obviate danger to civil aircraft.
(Convention on International Civil Aviation, 1944, p.5)
As a result of the stipulations, the Chicago Convention might be seen as the
foundation or origin of RPAS legislation. (Tettenborn et al., 2022)
Analyzing -roughly- the paragraph just commented on, it becomes apparent that its
interpretation in the text responds to the necessity to regulate a new element that was
actually starting to have an international presence, and, from its original conception,
an international regulation was sought, while the main consideration was safety in
the use of unmanned aircraft, as the article to which has been alluding seeks to avoid
any danger to civil aircraft (Sarrión Esteve et al., 2021).
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Despite becoming the normative foundations of the RPAS, it ought to be noted that,
as aircraft, they are already subject to regulations. For instance, the Convention for
the integration of certain rules concerning international air transport was finalized in
Warsaw on October 12, 1929, as a result of the International Conference on Private
Air Law. In addition to numerous additional articles belonging to the same Chicago
Convention, article 12 on "rules of the air" and annex number 2 on "regulations of
the air" stand out (PC Componentes, 2021).
With the beginning of the new millennium, the civil use of RPAS became a growing
reality, and an urgent need for regulation arose, distinguishing between both the
regulatory need in consideration of the sector's negative -or risk- aspects to alleviate
them and the regulatory need in consideration of the sector's positive -or beneficialaspects, to profit from them (González Botija, 2019).
This technological innovation presented a number of moral, ethical, and, of course,
legal challenges (González Botija, 2019). From the start, two issues may be
emphasized that have consistently been the primary focus of attention and debate
because they are the features that pose the most significant risk in the usage of
RPAS, and we are talking about privacy and security (Fernández Vallejo, 2020).
The earliest restrictions were primarily to ensure high flight safety, as the interaction
of RPAS with vital conventional air traffic posed a serious risk, with a small crash
causing an aircraft crash. Furthermore, the regulations rapidly concentrated on
mitigating all concerns associated with privacy or intimacy, as they are the ideal
quality gadgets to spy on any territory, whether public or private, due to their
physical and technological qualities (Fernández Vallejo, 2020).
As a result, the sector began to receive special attention to establish more appropriate
and precise regulatory frameworks. It reopens debates on operational security and
privacy, taking into consideration multiple problematic aspects identified as the
sector advanced, such as the potential violation of the right to data protection (de
Carlos Cañas, n.d.).
13

In short, the industry must be regulated so that any abuses of the population's
fundamental rights do not occur. (de Carlos Cañas, n.d.). This regulatory urgency, on
the other hand, would be meaningless if the sector was not lucrative or productive.
Since RPAS are devices with a wide range of uses, their potential applications extend
from journalistic jobs to security and surveillance delivery, photographic,
agricultural, rescue, and even firefighting, among many others. This has encouraged
drones to gain significant attention and has become the focus of interest in
conferences, congresses, and even formation programs (Domènech Fernández,
2017).
In Spain (2018), for example, the most developed uses by operators included
photography and filming, as well as observation and spying. Whereas some of the
apps are public, the majority are private, resulting in their legalization directly
affecting the market and the economy (Fernández Vallejo, 2020).
As mentioned previously, the use of civil drones has grown tremendously
worldwide. The Drones Report, published by BI Intelligence, gathers and deeply
analyses the global expansion of commercial drones. According to the estimate,
revenues reached 12,000 million in 2021, up from 8,000 in 2015. (These Are the
Biggest Regulatory Roadblocks Holding up the Global Drone Industry, 2020)
These estimates will treble within the following five years once they access the
consumer sector, pushed by both price competition and new technologies that make
them easier to obtain and operate for beginners (Fernández Vallejo, 2020).
Recognizing this expansion, Europe has begun developing uniform standards for all
countries. It is planned to prevent each member country from legislating
independently and eliminate a lack of harmonization between European legislations.
After years of research and deliberation, the community institutions have agreed the
14

legal framework that will govern drones in the European Union (Fernández Vallejo,
2020).
The significant innovation of the 2018 legislation comes with the fact that it has been
agreed that the new European law includes unmanned aircraft independently of their
operational mass, rather than from 150 kg, as was the case previously in Regulation
(EC) 216/2008. The revised Regulation eliminates this distinction and applies to all
drones, irrespective of their weight. (Reglamento (UE) 2018/1139 Del Parlamento
Europeo Y Del Consejo, 2018)
This shift in European Union criteria in drone legislation clearly has a purpose: to
prevent, within the European sphere, differing legislations which would not benefit
or strengthen neither physical nor legal security; additionally, this growing interest is
economical, as stated in the 2014 Commission Communication: Europe has
previously demonstrated awareness in commercial uses of drones weighing less than
150 kg, and it is precisely these devices that are in the majority, and it was not
appropriate for Community legislation to remain ignorant of this overwhelming
reality (Comisión Europea, 2014).
It is known that 98% of all drones sold in the European Union weigh less than 2 kg,
and approximately 3 million drones are projected to be in use. Following the
European Commission, the drone industry will create more than 100,000
employment and have a monthly impact of ten billion € within the next 20 years
(Drones España, 2022).
The regulation on the matter in the European Union is specified, first and foremost,
in Regulation EU 2018/1139 of the Parliament and of the Council of July 4, 2018, on
common standards in the field of civil aviation directed to the European Aviation
Safety Agency (EASA). (Reglamento (UE) 2018/1139 Del Parlamento Europeo Y
Del Consejo, 2018). Certain articles, on the other hand, are related primarily to
regulating the crucial requirements for the design, manufacturing, maintenance, and
operation of aircraft directed by natural and legal persons, with the exception of their
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military use or by specialized services of the States with surveillance and control
functions, including such police, border security, rescue, and maritime security,
customs surveillance service, or firefighting (Reglamento (UE) 2018/1139 Del
Parlamento Europeo Y Del Consejo, 2018).
This Regulation has been recently modified by Regulation EU 2021/1087. As a
result of the previously stated basic Regulation, the European Commission published
two executive Regulations: Implementing Regulation (EU) 945/2019, dated March
12, 2019, on manned aircraft systems, and Implementing Regulation (EU) 947/2019,
dated May 24, 2019, on rules and procedures applicable to the use of unmanned
aircraft.

Implementing Regulation (EU) 945/2019:
This regulation governs third-country unmanned aircraft systems as well as
operators. The law includes necessary technical standards that each drone
shall meet based on its category. For that purpose, a classification distinct
from Spanish laws in terms of their maximum weights during take-off was
developed. Aside from determining these weights, each created category
must fulfill a set of standards (Estepa Montero, 2021).

Another notable feature of the new legislation is a new real-time emission
mechanism that operates while the RPAS is in flight. This law specifies the
registration number of the operator and the drone, as well as the geographical
location and altitude at which it is flying. Finally, the take-off coordinates of
the aircraft must be disclosed. Finally, the operators must be registered,
certified, and specific for the categories. (Estepa Montero, 2021). The law
also introduces a relatively broad notion for the geographical areas where
RPAS can fly; nonetheless, the ability to authorize, restrict, or exclude flights
will

be

determined

by

member
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states

(Estepa

Montero,

2021).

Implementing Regulation (EU) 947/2019:
The regulation pertains to the processes that must be followed when using
unmanned aircraft. To that end, this regulatory framework distinguishes
between three categories of drone operations, each with its own set of
requirements (more stringent when the operation involves a higher risk): the
open category (or low risk), the category specific (moderate risk), and the
certified category (for higher risk operations) (Estepa Montero, 2021).

These categories, as well as the drone classification system, will be discussed
in further detail later.
It should be noted that this regulation was recently modified this year via the
Commission Implementing Regulation (EU) 425/2022 of 14 March 2022, delaying
the transition dates for the implementation of certain unmanned aircraft systems in
the previously mentioned 'open' category, as well as the date of application for
regular scenarios for operations performed in or beyond the visual sight line
(Comisión Europea, 2022).

3.2 The General Drone Regulation in Spain.
The Governmental Aviation Safety Agency – “Agencia Estatal de Seguridad Aérea”
(AESA), which belongs to the Ministry of Development via the General Directorate
of Civil Aviation in Spain (DGAC), is indeed the national state agency in
responsibility of civil aviation safety (de Carlos Cañas, n.d.). It was established in
2008 due to the Spanish Royal Decree 184/2008, and it is in charge of air navigation
oversight, inspection, and management (‘Real Decreto 184/2008’, 2008). It also has
the authority to assess air transport safety hazards and impose sanctions.
Furthermore, the Agency is responsible for the management, certification,
maintenance, and registration of RPAS registrations, licenses, and other similar
documents (Drones España, 2022).
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Although the regulations for RPAS appear to have taken a long time to create, AESA
did not begin to regulate the unmanned aircraft sector until 2014. This technology
appears fast and unexpectedly in the country, allowing everyone to purchase and fly
a drone. This is why reactive laws must be implemented rather than preventive
measures,

unlike

in

many other

sectors

(Gobierno

de

España,

2018).

As a result, Law 18/2014 was adopted, authorizing immediate actions to boost
growth, competitiveness, and efficiency (Jefatura del Estado del Gobierno Español,
2014).
The most important part of this law is Article 51, which modifies Law 48/1960, of
July 21, on Air Navigation; this modification created the groundwork and established
the formal conditions for the eventual development of new laws.
Three years later, the Ministry of Development, now known as the Ministry of
Transport, Mobility, and Urban Agenda, issued Royal Decree 1036 of 2017, which
governs the civil use of aircraft flown by remote control (‘Real Decreto 1036/2017’,
2017). However, this rule was adopted only before the release of Delegated
Regulation (EU) 2019/945 on unmanned aircraft systems and third-country
operators, which was previously stated in the section focused on European
legislation.
It is important to note that an administrative license will be required to fly drones
professionally in Spain. Furthermore, the pilot must be an AESA-registered operator
with a medical LAPL (Light Aircraft Pilot License) for drones weighing up to 25 kg
(Gobierno de España, 2018).
It is essential to have the competence to fly the RPAS safely through a certification
in an ATO (Approved Training Organization) recognized by AESA for the usage of
recreational drones weighing 251gr to 2 kg. On the other hand, drones weighing up
to 250 grams do not require authorization (Sarrión Esteve et al., 2021).
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In Chapter I, Article 2 "Objective and subjective scope of application," Royal Decree
1036/17 states that it will apply to both civil RPAs with a maximum take-off mass of
less than 150 kg, and RPAS conducting customs, police, search and rescue,
firefighting, coast guard, or similar duties (‘Real Decreto 1036/2017’, 2017), this
Royal Decree further states that "it is applicable in the territory and airspace of
Spanish sovereignty", excepting as otherwise specified in International Conventions
or Treaties to which Spain is a party (‘Real Decreto 1036/2017’, 2017).

Figure 1.
The European Aviation Safety Agency (EASA) and the State Aviation Safety Agency
(AESA)

Source: “La regulación de los drones en España y en el derecho comparado”
[Dissertation]. Colegio Universitario de Estudios Financieros (CUNEF).

3.3 The absence of a specific regulatory framework on aquatic drones
There is currently no special legislation directed towards underwater drones.
However, many resolutions of the United Nations General Assembly have been
identified that demonstrate, albeit in a general sense, the need to control these
devices.
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Thus, in its Resolution 69/292 of June 19, 2015, regarding the development of a
legally binding international tool within the framework of the Convention for the
conservation and sustainable use of marine biological diversity in areas beyond
national jurisdiction, the Commission states in the annex that the Commission must
aim to ensure that this instrument includes, among other things, general principles of
good governance, such as marine environment protection and conservation,
international collaboration, the polluter pays concept, the equitable and sustainable
use of marine resources, the incorporation of open and transparent decision-making
processes, and the responsibility of states as global marine environment stewards
(Asamblea General de las Naciones Unidas, 2015).
Likewise, the resolution emphasises that the Commission must "focus on ensuring
that the instrument facilitates the evaluation of the cumulative effects of different
activities taking place in the same area, with a view to avoiding potential adverse
effects on marine biological diversity, as well as those resulting from new and
emerging activities." (Asamblea General de las Naciones Unidas, 2015). As a result,
if we consider drones a new and emerging industry, this instrument should include a
specific reference of this emerging activity, drones in the marine environment (Pérez,
2021).
Second, in its resolution 71/312 of July 6, 2017, the General Assembly endorsed the
declaration titled "Our oceans, our future: call to action," (Asamblea General de las
Naciones Unidas, 2017) which was approved by the United Nations Conference of
Parties to support the achievement of Sustainable Development Goal 14 regarding
the conservation and sustainable use of the oceans, seas, and marine resources for
sustainable development, (THE 17 GOALS | Sustainable Development, n.d.) and
therefore, regulate its investigation, given that by knowing this medium better, more
effective protection can be provided.
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Third, General Assembly Resolution 72/73 on oceans and the law of the sea, adopted
on December 5, 2017, tackles the key concerns confronting the ocean and, among
other things, talks about the benefits of oceans, hydrographic surveys and
cartography for navigation safety and environmental protection, encouraging the
continuation of work on the use of electronic nautical charts, (Asamblea General de
las Naciones Unidas, 2017) which understands not only to significantly facilitate the
management of ship movement and navigation safety, but also to report information
that can be used in sustainable fishing activities as well as other uses of the marine
environment, a task that is considered drones can perform. (Pérez, 2021)
However, it must be emphasised that all of the resolutions mentioned are merely
basic guidelines. Which is why a more firm and legally binding international
legislation to deal with the issue would be preferable, though this will involve
difficult and tedious international effort in this regard. And, of course, that eventually
such text would find its way into Spanish regulations.
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Chapter 4 - Flying Devices in the Maritime Industry
4.1 Features of remotely piloted aircraft
The same regulations and constraints apply to unmanned aircraft as to human
aircraft, which are now categorized based on their size, how they are piloted (by a
remote pilot or fully autonomously), or the purpose for which they will be used.
Drones, on the other hand, vary significantly in size, arrangement, and complexity.
Two principles are established by the International Civil Aviation Organization
(ICAO): (International Civil Aviation Organization, 2017).
1. The preference to analyze the entire system, which includes the aircraft, the
GCS (Ground Control Station), and the communications link between the
ground control station and the aircraft. In this manner, we refer to UAS
(unmanned aircraft systems) and RPAS (remote piloted aircraft systems),
reserving the acronyms unmanned aircraft (UAV) and remotely piloted
aircraft (RPA) for particular reference to the aircraft itself.

2. The distinction between RPAS and fully autonomous aircraft, where the
remote pilot has no effective control over the aircraft throughout all or part of
the flight.
RPAS are unmanned aircraft that are operated by a computerised and remote system.
The system consists of the following components: (de Carlos Cañas, n.d.)
1. Control station: Interface between the operator and the rest of the systems.
2. Artifact: In charge of the load and the electronic and navigation systems.
3. Information is transferred between the command center and the drone/aircraft
via the communications system.
4. Maintenance and additional support teams are included in the support team.
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The following are some of the most recent applications and developments:
Aerial image, agriculture (growth and sulphation), Search and Rescue, customs
surveillance for unlawful imports, pollution control, forest fire detection and control,
oil and gas industry support and security, natural catastrophe management, and
weather forecasting services.
On the one hand, the RPAS represents all potential types of aircraft. On the other
hand, there are new categories, such as hybrids, that develop a component of the
flight in the shape of a rotary wing, commonly throughout take-off and landing as
well as possibly in some part of the exercise, taking advantage of this type of system,
and then transitioning to a fixed wing to quickly and efficiently reach your target
(Domènech Fernández, 2017).
Multirotor
Because of their ease of operation and quick installation, multirotor enable
significant diversity and efficiency in operations. Since these engines are at the same
distance from the aircraft's center of gravity, it provides a naturally stable platform.
They are categorized as Tricopters (3 engines), Quadcopters (4 engines),
Hexacopters (6 engines), and Octocopters (8 engines) (8 engines). The arms are
classed as "Y", "inverted Y", "X", or "+" depending on their configuration.
It should be noted that the bigger the number of arms, the greater the stability and
safety, and the greater the number of engines, the greater the propulsion and
consumption (Domènech Fernández, 2017).
There are also coaxial multirotor, that is, two motors per arm. This saves the device's
weight by having half the arms, but on the contrary, aerodynamic efficiency is
reduced (Domènech Fernández, 2017).
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Figure 2.
Multirotor Categories

Note:

The

image

shows

different

examples

of

multirotor.

Helicopter
In carrying out various activities, helicopters are the most adaptable instrument. They
have a big load capacity and are self-sufficient. This is a result of the fact that it only
has a single engine and a single huge propeller. Because of the varying pitch of the
propellers, the helicopter functions at fixed engine speeds, whereas the multi-rotor
varies engine speeds to maintain stability (Fernández Vallejo, 2020).
However, helicopters are highly complex mechanically, necessitating a regular
adjustments to provide ideal flight. They are also difficult to pilot and require years
of practise to master (Yarin Achachagua, 2020).
Fixed Wing
The fixed-wing drone may stay in the air for several hours, depending on whether it
has an electric or internal combustion motor. It is the ideal platform for jobs that
require a vast amount of land. On the other hand, it is very aerodynamically efficient
because with the proper setup, it can spend more time without using the engine due
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to gliding, making it a safer platform because in the event of an engine failure, it can
glide up to the landing spot (Fernández Vallejo, 2020).
On the other hand, the fixed wing is designed for extremely specialized reasons,
limiting its usability. It does not support stationary flying and has a limited payload
capacity for its size (Yarin Achachagua, 2020).

4.2 Development and evolution
The initial development of RPAS, like so many other technologies, took place mostly
in the military field, with about a third of the total aircraft fleet in operation in the US
Army. In this context, fixed-wing systems dominate (97%). The situation is the
inverse in the civic domain, which is significantly less developed than the military
(de Carlos Cañas, n.d.).
These are often long-duration, routine flights in which the sensors incorporated in the
system collect the information needed. At the same time, the aircraft follows a predetermined flight plan, and the pilot is not allowed to interact with the aircraft unless
some alarm arises (de Fez Martínez, n.d.).
Another sort of mission is short-distance reconnaissance, which involves assessing
whether there is any hazard, in this case, the risk of being shot down, which is
always preferable with an RPAS to approaching new terrain blindly (Estepa
Montero, 2021).
Finally, it is possible to deploy RPAS systems in cases where the environment to be
flown over is contaminated, posing a health danger to the aircraft crew. The same
conditions exist in the civil environment that recommend adopting RPAS over
conventional procedures, but another concern appears, the cost aspect.
Because there is no crew on board, the plane can be significantly smaller, lowering
the cost of manufacturing, maintenance, and operation, and thus the cost per hour of
flight or gathering of the necessary unit of information. Furthermore, the smaller
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size, along with the increased automation of RPAS, enables actions that would not be
performed with manned aircraft, such as operating indoors, getting considerably
closer to the target, and making very high-precision manoeuvres utilising very small
turning radios (Fernández Vallejo, 2020).
The lower size also means fewer logistical requirements. Small-sized RPAS may be
deployed from unsuitable terrain without airport infrastructure, which could be vital
in emergency scenarios and considerably reduce operational expenses (Gil, 2022).
On the contrary, their small size limits their load capacity, autonomy, and the
weather conditions they can withstand particularly wind (Gil, 2022).

4.3 Advantages of Fixed and Variable Wing Systems
As previously stated, the great majority of civil RPAS are multirotor. This is
because, as in other European countries, this type of aircraft is well suited to the
major activity at hand, which is the capture of photographs, films, and statistics for
the audio-visual and scientific sectors (González Botija, 2019).
The following are the primary benefits of multirotor: (PC Componentes, 2021)
 Vertical take-off and landing, decrease the space needed on the ground for its
operation, however, tiny aircraft can be launched and recovered using catapults
or controlled stalling.
 The second most significant activity is the ability to hover or travel at very low
speeds, which is ideal for inspection applications.
 Improve maneuverability and precision in flying. Whereas fixed-wing systems
fly curvilinear trajectories with rather a high radius of gyration and fairly
stringent ascent and descent rates, multirotor can fly in three dimensions along
almost any desired trajectory. This allows for more dramatic photos, closer to
the target if necessary, and images that were previously impossible to create by
matching the movement of the aircraft with that of the on-board camera. Their
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design enables them to transport larger payloads compared to their size and
aeroplanes (Baisali, 2021).
The following are the primary benefits of aircraft: (de Fez Martínez, n.d.)
 More efficient than multi-rotors, allowing for greater autonomy given the same
size.
 They can fly quicker, which paired with the longer range implies they can cover
a considerably bigger distance or region. It makes them more appropriate for
mapping or remotely sensed activities.
 They have a substantially smaller noise footprint, making them more ideal for
surveillance operations.
 They have a wider temperature, wind, and rainfall range.
Given the foregoing, it is clear why multirotor currently stays ahead of the
competition.
Surveillance and reconnaissance have been two of the most important applications of
aviation in the nautical realm. This is because maritime environments are vast, with
no physical or functional boundaries. These systems can deploy an enormous number
of sensors and cover a large observation area, boosting significant benefits in the
maritime realm (de Fez Martínez, n.d.).
The expansion of maritime activities creates new prospects for short and mediumrange flying devices, which are mostly dedicated to coastal areas, ports, and areas of
economic exclusivity. There is a lot of interest in its development and use because of
technological developments, modularity, sensor downsizing, and information system
management (Domènech Fernández, 2017).
Modest, easy-to-deploy flying craft at low and medium altitudes are available for
small marine tasks. The main issues are its poor load capacity and lack of autonomy
in flight. Depending on the drone model, some might also require take-off and
landing zones (Domènech Fernández, 2017).
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There is a considerable need to identify and monitor critical concerns affecting ocean
stability, like climate change, ocean acidification, unsustainable fishing, pollution,
and garbage (Drones España, 2022).
The rapid change in technical breakthroughs and the paradigm shift in maritime
operations pose future concerns. From a single vehicle to multi-vehicle operations
linked together (Faena, 2021)
Drones will take use of their potential to develop autonomy, interoperability, and the
capacity to integrate various sensors. These systems' recurring expenses are related to
the number of flying hours and include direct expenses, insurance, communications
support, mission creation, data processing, and drone operators (Faena, 2021).
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Chapter 5 – Recommendations, Classification and CE Marking
of Drones
5.1 Recommendations
Drone pilots must follow the following recommendations when flying in Spain and
throughout Europe (Fernández Vallejo, 2020):


Except for flights involving drones weighing less than 250g, users must be at
least 16 years old. Each member state has the right to reduce the minimum age,
although Spain currently has it set at 16 years.



The pilot is responsible for the operation's safety, people's privacy, data
protection, environmental protection, and radio spectrum utilization, among
other things.



Obligation to enroll as an operator or pilot with AESA if the drone weighs more
than 250g.



The primary purpose of the rules and procedures is to reduce risk based on:
1. The Operation's Risk and Nature
2. The Aircraft's Operational Characteristics.
3. The Characteristics of the Operational Area

5.2 CE Marking and classification
The present regulations separate three functional flying classifications (Drones
España, 2022); in Figure 3 has been defined de main aspects that differentiate the
categories, which were briefly stated in Chapter 3:
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Figure 3.
Principal aspects of the different categories.

Open
Category

• Low risk
• No authorization or declaration from the operator
is needed
• Commissioning and flight

Specific
Category

• Medium risk
• Aeronautical safety study and operator declaration
or authorization from AESA is required
• STS certification and assessment of risks
predefined by EASA

Certified
Category

•
•
•
•

High risk
Both the operaton and the drone must be certified
Pilot with license
Regulation (UE) 2019/945

Source: Author.
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Figure

4.
Max.

Take-off
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(MTOW)

Summary of the requirements for CE Marking
in

horizontal

flight

Max. Height from take-off point
According CE Marking

Source: Author.
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Drones are classified based on their characteristics or safety criteria, and under the
new legislation, all drones must have the CE marking on their packaging and on their
own chassis (Normativa Europea De UAS/Drones | AESA-Agencia Estatal De
Seguridad Aérea - Ministerio De Fomento, n.d.).
There are several classes that can be distinguished as shown in Figure 4, where we
can find a summary that includes the different requirements for the different CE
marking.
After January 1, 2023, all drones sold must bear the CE class label on both the
packaging and the drone itself. The marking, which must be visible, legible, and
indelible, ensures that the requirements, needs, and features of the aircraft, its
systems, and the equipment used to control it remotely are met. (Drones | AESAAgencia Estatal De Seguridad Aérea - Ministerio De Fomento, n.d.)
These new rules provide a standardised framework in most European countries for the
first time, allowing drone pilots to use their drones in different territories within the
same conditions as in their home country. This will significantly improve flight
safety, simplify user permission procedures, simplify users' personal and business
apps, enhance user experience, and enable quick corporate expansion. (Drones
España, 2022)
Figure 5 shows how the new legislation categorises risk as low, medium, or high, with
differing criteria for items and operators.
The open category (low risk) will be the most commonly used category, and it will be
managed through the CE marking process (Conformité Européenne / European
Conformity), which is a process established for products sold in Europe to ensure that
they meet safety, health, and environmental protection requirements. The new CE
class identification markings for drones will clarify, among other things, which sorts
of drones (categorised by mass) can be operated in what type of environment, in
addition to the currently existing CE marking. (Drones España, 2022)
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Figure 5.
Operating flying classification of drones

Source: Author
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Chapter 6 – Present and Future Measures Against Air Pollution
6.1 Air pollution
Particularly in large cities, air pollution is a major cause of environmental problems
for both people and buildings. Buildings deteriorate as a result, and respiratory
illnesses are increased. Due to the significant number of gases released by maritime
transportation, the issue is significantly worsened in port cities. (Agencia Europea de
Medio Ambiente, 2016)
Transport is the world's fastest rising source of emissions, accounting for 17% of
greenhouse gas emissions, trailing only the energy sector. Ship emissions account for
11% of total global emissions in the transportation subsectors. (Bruyninckx, 2022)

Approximately 400 gigatonnes of carbon dioxide: this is the quantity the UN's
Intergovernmental Panel on Climate Change (IPCC) estimates the world will need to
spend in order to have a probability (67%) of limiting global warming to the 1.5°C
goal set in the Paris Agreement. (DNV Group, 2021)

The decarbonization of maritime transportation is still a difficult task. CO2 emissions
are expected to rise by 130% by 2050 compared to 2018. (Actividad Humana Y
Cambio climático, n.d.) Despite shipping's efficiency, the sheer size of the global
shipping industry suggests that it consumed around 635.8 million tonnes of fuel in
2018, resulting in 1,056 million tonnes of GHG emissions. (Ramos Aguado, 2022)
This corresponds to about 3% of worldwide energy-related CO2 emissions, making
the shipping industry a significant contributor to climate change. (Faber et al., 2021)

From 2013 to 2018, the sector's overall GHG emissions increased by nearly 10%.
Without immediate action, these GHG emissions are expected to increase to an
estimated 90% to 130% of total emissions from 2008 to 2050. Shipping contributes
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15% to 13% of all sulphur oxides (SOx) and nitrogen oxides (NOx) emissions in the
world, respectively. (Faber et al., 2021)
Figure 6.
Emissions according to the size of ships.

Source: (Statista, 2021)

Figure 6 depicts CO2 emissions from worldwide shipping by ship class based on
2020 forecasts. Bulk carriers released an average of 440 million metric tonnes of
CO2, while container ships generated 140 million metric tonnes of CO2 every year.
(Bruyninckx, 2022) The numbers apply to ships weighing over than 1,000 gross
tonnes, which account for 99% of global tonnage. (Statista, 2021)

6.1.1 Use of Drones for the Monitoring of Polluting Gases
Focusing on one of the objectives of the work, the feasibility of its use for the
monitoring of polluting gases is analysed.
Gas detection systems are dedicated to detecting toxic gas concentrations, triggering
alarms, and, to the greatest extent possible, triggering countermeasures before a
hazardous situation for people, facilities, and the environment arises. (Bruyninckx,
2022)
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The key element to be highlighted is the control of gases emitted by ships in port or
nearby, although given the functionality of RPAS, it may be generalised to any
condition that is required, within a range limited by the battery life. (Bruyninckx,
2022)
Atmospheric monitoring and control of the quality of our environment have
traditionally been carried out using various observation vectors such as aeroplanes or
balloons. This kind of observation is supplemented by the surface placement of
pollutant level measurement networks. (Calveache Torres, n.d.)
It is vital to separate the processes of air pollution based on how they are formed. It
is possible to differentiate between pollution caused by episodic maritime accidents
and pollution caused by stationary sources that emit consistently. (Contaminación
Por La Industria Naval, n.d.)The assessment of episodic pollution is aimed at
assessing the substances emitted and the sort of possible actions to be made during
management to limit their potential negative effects. Continuous emissions, on the
other hand, with a primary focus on ship emissions, provide highly specific
contaminants with maximum allowable concentration levels in the air that are
regulated by law. (Carlier de Lavalle, 2018)
In either of these two environmental issues, the use of remote-controlled or selfpiloted aerial vehicles outfitted with specific instrumentation has a significant
practical application that complements the traditional observation carried out by
aeroplanes, balloons, and surface networks for monitoring atmospheric pollution.
The capacity to place in a drone the sensors for measuring atmospheric pollution that
are essential for the observation that is intended to be carried out constitutes air
quality

control

using

drones.

(Sarrión
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Esteve

et

al.,

2021)

In the case of Ozone, for example, the two most common technologies now in use
are: (Seguridad Minera, 2017)
1. Ultraviolet spectroscopy
2. Electrochemical

analysis

in

a

liquid

cell

The first weighs around 2kg and requires a 12V continuous power source, whereas
the second is a little (about 200g) probe that must be calibrated and readied each time
it is used. (Luque Barquero, n.d.)
The protocol used to measure air pollution is based on two very particular
suggestions: (Seguridad Minera, 2017)
 The atmosphere has an extremely high dispersive capacity, which contributes
to the transport generated by the push of the wind.
 Atmospheric pollutants vary in concentration over time due to variations in
the intensity of their emission levels and their reactive nature.
New drone uses are currently being developed to evaluate air quality. Electronic gas
concentration measuring sensors are what they are called.
These sensors, which are light in both weight and size, can be directly linked to a
miniature electronic board, enabling for digital assessment of air pollution. The
decrease in weight and volume that this type of sensor entails enables vehicles to
probe enormous volumes of air for extended periods of time. (Luque Barquero, n.d.)
Its sole disadvantage is the ease with which other chemical species other than those
intended to be measured can disrupt the measurement, hence the precision of the
measurement does not now reach the accuracy of most conventional observation
methods. (Gómez, 2021)
The measurement of these new generation sensors is based on determining the
current that is generated between two electrodes when the gas to be monitored reacts
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with the working electrode. These devices have a porous membrane (capillary
system) that allows gas to diffuse within the cell. (Seguridad Minera, 2017)
Its configuration changes according on the manufacturer and the gas to be sampled.
When the gas comes into contact with the sensitive electrode, an electric current is
formed between the anode and the cathode, causing the potential difference between
them to change. (Gómez, 2021) This variation in the electrical signal is detected and
amplified in accordance to the gas concentration. The data are not calibrated, and this
type of electronic sensor must be calibrated on a regular basis in order to validate its
values and range of error. (García López, n.d.)
To determine the type of sensors required, it is necessary to understand the functions
that they must do in order to adjust them to the goals that must be met. In this
situation, the gas sensors ought to have two functions: identifying and quantifying
the gas fluxes discharged into the atmosphere by the emitters so that they may be
evaluated. (Seguridad Minera, 2017) This will allow to control the proportion of
emissions, examine violations of current regulations, analyse the legal procedures
that can be used if the permissible range is exceeded, and conduct various studies
and statistical analyses on the long-term impacts. (Faena, 2021)
The ideal system must include a system of electronic sensors (metal oxide nanowires
(MOX)) in the drones to detect polluting gas emissions emitted by the ships
(combustion gases, carbon dioxide, carbon monoxide, nitrogen oxide, sulphur
dioxide, or hydrogen sulphide), as well as other parameters of temperature, humidity,
but also air pressure, at adequate distances so that the device is not affected by the
high temperatures at which they are expelled. (de Fez Martínez, n.d.)
To preserve drone equipment and sensors from corrosive and oxidising conditions,
materials that are extremely resistant, resilient, and lightweight are necessary.
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On the other hand, it is vital to emphasise the potential extra capabilities that the
drone can acquire, such as replaceable equipment and sensors, in order for it to tackle
various scenarios that happen in the port area. (Calveache Torres, n.d.)
Every foreign-flagged ship moored in a national port must be examined on a regular
basis by the port State. The inspections are designed to guarantee that the ship's
condition and equipment are in accordance with international norms. (Yarin
Achachagua, 2020) When the inspector arrives, he asks the ship's certificates,
including the International Certificate for the Prevention of Atmospheric Pollution
(IAPP) as well as the International Energy Efficiency Certificate (IEEC) (IEE).
These certifications must be issued by a Classification Society authorised to inspect
ships and issue certificates on behalf of the state under whose flag the ship is
registered. (Sur, 2021)
The European Maritime Safety Agency (EMSA) has created a series of drones fitted
with sensors to detect the gases released by a ship and evaluate whether the
emissions match regulatory limits in order to reduce the damaging emissions caused
by

maritime

transport.

(European

Maritime

Safety

Agency,

2022)

This apparatus monitors the sulphur level of the ships' fuel and is outfitted with
sensors to aid in ship identification. Obviously, controlling air quality with drones
requires the capacity to place in a drone the sensors for measuring atmospheric
pollutants that are necessary for the planned observation. (European Maritime Safety
Agency, 2022)
The Danish Maritime Authority has begun utilising a drone fitted with airborne
sensors (sniffers) called the Skeldar V-200 to assess sulphur emissions generated by
ships sailing in its waters and check compliance with the new laws. (European
Maritime Safety Agency, 2022)
This EMSA service can calculate the quantity of SOx released by ships travelling
through European Emission Control Areas (ECAs), territorial seas, exclusive
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economic zones, and pollution control zones of Member States (Article 6 of EU
Directive 2016/802). (González-Cancelas et al., 2013) The combination of data
collected on the land in real time by these drones, supplemented with marine
information provided by the Agency and the availability of sulphur inspectors from
Member States, may be an effective strategy for measuring emissions and deterrent.
(Parlamento Europeo & Consejo de la Unión Europea, 2016)
The data may be transferred in real time to a Danish authorities' control centre, which
can immediately evaluate whether or not the ship meets the stipulated norm.
Furthermore, it can travel more than 16 kilometres from the coastline to monitor
emissions from ships traveling at sea. (European Maritime Safety Agency, 2022)
6.1.2 Use of Drones for the Monitoring of Polluting Gases in Spain

The Ministry of Transport, Mobility, and Urban Agenda (MITMA), in cooperation
with the European Maritime Safety Agency (EMSA) as well as the General
Directorate of the Merchant Marine (DGMM), is currently conducting a second
campaign to test the efficacy of drones in reducing polluting emissions from ships.
(Drones | AESA-Agencia Estatal De Seguridad Aérea - Ministerio De Fomento, n.d.)
The EMSA drone service has returned to the Strait of Gibraltar for the second time
with a dual mission: on the one hand, it will detect possible sulphur oxide emissions
above the limits established in Annex VI of the International Convention for the
Prevention of Pollution from Ships (MARPOL), which is related to the prevention of
atmospheric pollution; (MARPOL Annex VI and the Act to Prevent Pollution From
Ships, 2021) Under present rules, the sulphur oxide level of ship fuels cannot exceed
0.50% by mass. (Europa Press, 2022)
On the other hand, the drone will be assigned additional missions, such as assisting
Maritime Safety and Rescue Society with emergency services linked to pollution
prevention and control, as well as saving human lives at sea, as assigned by the
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General Directorate of the Merchant Navy. (Ministerio De Transportes, Movilidad Y
Agenda Urbana, 2022)
A drone with a wingspan of 3.2 metres is employed to develop these missions. It is
the Schiebel CAMCOPTER S100, which has vertical take-off and landing
capabilities and is outfitted with gas detectors and cameras that cover the optical and
infrared spectral ranges to identify gases created by combustion. (Europa Press,
2022)
Figure 7.
Schiebel CAMCOPTER S100

Source: (Europa Press, 2022)

The drone has several features that make it a valuable tool for controlling sulphur
emissions and assisting with Maritime Safety and Rescue Society emergencies,
including a flying duration of more than 6 hours, an operating range of more than
100 kilometres, and a maximum flight height of 3,650 metres. (Europa Press, 2022)
The drone will operate in a privileged position, from which it will be able to control
all traffic out of the Mediterranean Sea, thanks to the assistance of the Ministry of
Defense. An average of ten daily vessel inspections will be performed, which may be
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lowered if the drone is required to cover emergencies or conduct exercises with
Maritime Rescue teams. (El Dron De La Agencia Europea De Seguridad Marítima
Vuelve a El Estrecho Para El Control De Las Emisiones Contaminantes De Buques
Y El Apoyo a Emergencias Marítimas | Ministerio De Transportes, Movilidad Y
Agenda Urbana, 2022)
The Harbour Master’s Office inspection services, which are dependent on the
DGMM, conducted 1,523 inspections related to the sulphur content of marine fuels
used among merchant ships in 2021, with 332 samples analysed, far exceeding the
European Commission's requirements of 1,043 inspections and 312 analyses during
the same period. (Drones | AESA-Agencia Estatal De Seguridad Aérea - Ministerio
De Fomento, n.d.)
Furthermore, during the EMSA drone campaign in 2021, the emissions of 339
vessels were measured, and 31 of these were reported to the ports of arrival to
confirm a possible infringement in sulphur oxide emission levels. (Naval, 2022)
Non-compliances detected by the drone, however, cannot be confirmed or sanctioned
immediately: the records with the readings are instantly encrypted in the EMSA data
transfer system, establishing an alert in the THETIS-EU database, and the Spanish
Maritime Administration also sends notifications to the ports of destination of ships
with emissions higher than the established thresholds, so that they can inspect and
control them upon arrival (Naval, 2022). The required sanctioning file can be opened
once the readings have been taken and the sulphur content of the fuel has been
validated in the laboratory to be higher than that allowed. (Calveache Torres, n.d.)
Currently, Spain represents one of the European countries most committed to
ensuring maritime safety and preventing pollution. (Calveache Torres, n.d.)
It should be noted that the International Maritime Organization (IMO) authorised the
designation of the Mediterranean Sea as a Sulfur Emissions Control Area (ECA
zone) at its most recent meeting of its committee for the preservation of the marine
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environment. (González-Cancelas et al., 2013) This means that by 2025, all ships
travelling in the Mediterranean will be required to use marine fuel with a sulphur
concentration of 0.10% by mass, rather than the present 0.50%. (Parlamento Europeo
& Consejo de la Unión Europea, 2016)

6.3 Search and Rescue
The great majority of processes for rescuing castaways are based on cutting-edge
technology but are piloted and controlled by humans. (Baisali, 2021) Those who are
in charge of the search for survivors are people who have been given better
equipment and measures year after year to assist them in accomplishing their task
more efficiently and with a higher probability of success, but they are still people
who are limited to their senses and lack specialised vision and detection systems or
tools for this area. (Calatayud Ferre, n.d.)
Until recently, rescue systems consisted of an organisation of air and marine
vehicles, in which the vision system was based just on eyes of rescue personnel or
incorporated cameras that displayed their vision on the screen without providing
further hints, making it very easy for the human eye to miss the target. (Calatayud
Ferre, n.d.) Radars were used in some missions, although they are extremely limited
in this regard because they cannot detect persons in the water. (de Fez Martínez, n.d.)
Nowadays, in the search and rescue of people, the employment of flying devices to
assist in detection and location is being intensively researched; nevertheless, it is not
yet a fully mainstream practise, and much of the search effort is still carried out by
human employees, whether in sea or land rescue. (Baisali, 2021) Nevertheless, there
are already programmes and corporations exploring and experimenting with UAVs
for this type of duty. (Pedrosa Cabello, n.d.)
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Carrying out thermal image analysis on board the RPAS in real - time basis,
automatically searching and recognising, categorising and tracking items of interest,
is a very useful tool for SAR operations, reducing decision-making delays and
increasing search efficiency. (Naval, 2022)
On the other hand, there is still a lot of research to be carried out before these devices
are fully autonomous when it comes to people's lives, which is the reason human
experts are still needed to assess each situation and decide whether or not the drones
should be launched based on possible variables (such as visibility or wind gusts).
(Baisali, 2021)
They must also supervise them during the operation, as it is probable that they will
need to be handled manually at some point, either in the case of an unanticipated
incident or to enter areas that the flying devices have not been designed to access.
(Calatayud Ferre, n.d.)
One of the most notable incidents of a drone rescue occurred in Dalvik, Iceland, in
2018, when two missing persons were discovered by drones flying over the region
seeking for them. The two persons utilised the light from their phones to send signals
that were detected by the drones, which alerted the rescue crew to their location,
demonstrating the sector's reliance on drones. (Kesteloo, 2018)
The use of drones for search and rescue has resulted in the development of specific
prototypes in this field, with the AeroHyb drone, shown in figure 8, being a notable
example. This device differentiates out from the other prototypes due to its high
autonomy, with flights lasting up to 7 hours, compared to others, which typically
only last 60 minutes. (‘RPAS Para SAR, Prevención Y Detección De La
Contaminación Marina/Aérea. Uso Del Sistema De Información Geográfica (GIS).’,
2016)
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Figure 8.
AeroHyb drone

Source: (‘RPAS Para SAR, Prevención Y Detección De La Contaminación
Marina/Aérea. Uso Del Sistema De Información Geográfica (GIS).’, 2016)
In addition to this distinguishing feature, the drone supports a variety of sensor
applications such as cameras and infrared. Furthermore, this drone can carry a cargo
of 5 kg at the expense of limiting its flying time to 2 hours, which is sufficient time
to reach the objective. (‘RPAS Para SAR, Prevención Y Detección De La
Contaminación Marina/Aérea. Uso Del Sistema De Información Geográfica (GIS).’,
2016)
A drone can do a wide variety of tasks that humans consider risky, thereby protecting
the individuals engaged in the situation. Because of their adaptability, efficiency,
portability, rapid deployment, and ease of operation, these aerial systems are
extremely useful in SAR operations. (Pedrosa Cabello, n.d.)
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It can also cover a broad search area quickly or assist humans in reaching dangerous
or difficult locations. (Pedrosa Cabello, n.d.)
One of the major considerations during search and rescue missions is the safety of
everyone involved in rescue operations. Carry out the rescue in the safest way
feasible for the crews of the units, the units themselves, as well as the shipwrecked,
limiting the intrinsic risk of the operation as much as possible to ensure its success,
without placing the rescuer in jeopardy. (‘RPAS Para SAR, Prevención Y Detección
De La Contaminación Marina/Aérea. Uso Del Sistema De Información Geográfica
(GIS).’, 2016)
In poor weather conditions, the approaching by sea to a boat, a large ship, and the
castaway in peril offers an additional risk during the rescue attempt. (Calatayud
Ferre, n.d.)
When a helicopter or drone is deployed in the rescue area, it provides vital
information to locate individuals who have fallen into the water during the accident,
inspecting structural damage to ships, oil spill into the sea during the incident, as
well as any mishaps that took place during the operational processes that give the
SAR mission coordinator a global view of the accident site. Other considerations
influencing the usage of drones include the search conditions, which frequently
necessitate a halt or postponement owing to poor conditions such as low visibility, at
night-time, and in adverse weather. (‘RPAS Para SAR, Prevención Y Detección De
La Contaminación Marina/Aérea. Uso Del Sistema De Información Geográfica
(GIS).’, 2016)
The time of activation and deployment of the units in the search zone, as well as its
speed and time of arrival in the zone, are critical, and they must be completed as
soon as possible. (Salinas Cubero, 2015) For all of these reasons, the employment of
UASs is indeed very advantageous since they can approach the search area before
any of the other rescue units such as deep-sea tugboats with an average speed of 15
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knots or an air unit, that might arrive in the search area later than an RPAS that is
nearer to the accident scene. (Cornejo Santis, 2018)
The use of RPAS can reduce the cost of rescue, preventive, and contaminationfighting services, enabling better efficiency of air and land units assigned in the SAR
search area, suspected contamination, or scheduled surveillance. (Salinas Cubero,
2015)Its high effectiveness, mobility, low maintenance, and low manpower
requirements reduce the costs of SAR operations. (Cornejo Santis, 2018)
Methodology:
The approach utilised in marine and air SAR operations is based on the International
Manual of Aeronautical and Maritime Search and Rescue Services IAMSAR, which
was published by the International Maritime Organization and the International Civil
Aviation Organization. (International Civil Aviation Organization, 2017)
To prepare for a search for a missing vessel, aircraft, or person, as much incident
data as possible will be collected, and with this data, an estimated DATUM, or last
known geographic position, will be determined, from which the necessary units will
be distributed and the search would then begin, taking into account the search object
and its drift, the winds, currents at the most recent hours, weather reports and
oceanographic conditions. (Cornejo Santis, 2018)
For search planning, software adapted for SAR missions is used, in accordance with
the IAMSAR Manual, with IAMSAR mode calculation methods, or probability
calculations, the best known of which is known as the Montecarlo Method, and the
most common software used is SARMAP, (‘RPAS Para SAR, Prevención Y
Detección De La Contaminación Marina/Aérea. Uso Del Sistema De Información
Geográfica (GIS).’, 2016)that enables quick predictions of drifting objects at sea and
missing people. (Illana, 2013)
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SARMAP determines the search area for missing ships, drifting people, or objects,
indicating the most likely crash site or missing object. (‘RPAS Para SAR, Prevención
Y Detección De La Contaminación Marina/Aérea. Uso Del Sistema De Información
Geográfica (GIS).’, 2016)
The prediction and calculations are based on the current, prior, and predicted weather
and ocean conditions, which are collected in real time by connecting the application
to previously selected meteorological and oceanographic servers. (Llasag Rosero,
2019)
The search area is delivered to the unit allocated to the search once it has been
determined for the simulated time interval and the time that the assigned unit should
enter the region. (Salinas Cubero, 2015)
Depending on the precision of the DATUM, the object to be searched, the time gap
since the incident occurred, the weather conditions, visibility, kind of unit, and so on,
there are several approaches for tracking a search area. (Salinas Cubero, 2015)

6.4 Inspections
The maritime industry is becoming increasingly aware of the potential for drones to
eliminate safety hazards, significantly reduce operating costs, and carry out the
necessary inspections without resulting in lost production time. (Calveache Torres,
n.d.) As a result, the use of drones during inspections is becoming increasingly
necessary. When it comes to conducting inspections in the air, underwater, and now
even inside confined spaces like holds and ballast tanks, drones are a useful
instrument that offers several advantages. (de Fez Martínez, n.d.)
The detection of corrosion is of the utmost importance the maritime industry, as it
has the potential to cause damage across a wide range of assets, from port
infrastructure to the exterior and interior of ships. Inspections for corrosion damage
should be performed on a routine basis, but ongoing monitoring of corrosion is also
necessary to track the progression of corrosion. (de Fez Martínez, n.d.) When it
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comes to something as significant as an inspection, the lack of frequency should not
be a barrier. The graphical images of the inspection area that drones may provide are
of a high quality and can either be seen in real time or saved for later comparison.
(Gómez, 2021)
Air inspections
Drones reduce the need for costly and time-consuming methods in the air. The tallest
tanks on ships can reach heights of more than 25 metres, needing the installation of
scaffolding and hanging equipment. This is not only risky for inspectors, but it also
necessitates the shutdown of the machinery, which is an expensive practise. Drones
can perform the same inspections as inspectors on the ground, fast and efficiently.
(Luque Barquero, n.d.)
Indoor inspections
Indoor examination, such as that of a ship's hull, poses numerous obstacles. Inside a
tank, the atmosphere is dark and hot, and inspectors may be exposed to harmful
gases that are not identifiable by scent. (Gómez, 2021) Inspections are typically
performed by a team of inspectors who must climb ropes without the use of safety
nets. If they are not ropes, scaffolding must be constructed within the space. (Luque
Barquero, n.d.)
This is a costly, risky, and time-consuming project. Inspectors may undertake these
examinations in a fraction of the time while avoiding health hazards and financial
expenditures by using caged drone technology. (Pérez, 2021)
Underwater inspections
Drones can also be used to do underwater visual surveys. Underwater drones enable
port authorities and border security personnel to inspect the hulls of every passing
vessel. These underwater drones reduce the need for a diver to be sent underwater,
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and ships are no longer forced to experience costly delays while dry docking. (Pérez,
2021)
The camera on the gadget monitors the condition of the hull markings, rudders, and
propellers. They can also be outfitted with a thickness gauge to test the hull's
thickness. (Pérez, 2021)
LiDAR Technology
LiDAR technology is a laser remotely sensed technique that uses precise direct
georeferencing to map a 3D environment without the use of GPS. This technique
generates 3D data capture of big complex sceneries as well as direct distance and
angle exploitation. (Fernández-Lozano & Gutiérrez-Alonso, 2016)
LiDAR is a remarkable technological progress in the topographic field, as it saves
time and provides fresh perspectives on findings with full precision of
representations. (Fernández-Lozano & Gutiérrez-Alonso, 2016)
This technology could be utilised in ship inspections, but only on smooth and
uniform surfaces, such as cargo holds, which seem to be large enough to make a
mapping. (Fernández-Lozano & Gutiérrez-Alonso, 2016)
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Summary and Conclusions
Technological advancements have resulted in significant growth in the drone
business, making them affordable and simple to operate, a progress that must be
accompanied by regulations that ensure their safe usage and respect for people's and
the environment's privacy.
With this as a starting point, it is envisaged that the next decade will be crucial in the
commercial development of these unmanned devices, expanding the scenarios in
which they can be utilised to perform jobs more economically and without putting
workers at risk.
Furthermore, the drone will become a device that will take up a substantial portion of
public space, therefore legislation must reflect this reality.
To continue, it must meet certain technological standards, the driver must have a
licence, and certain laws must be followed. In the case of drones, a number of
regulations have been adopted, both at the state and European levels, that, to date,
cause relative uncertainty.
To complicate things further, the European standards differ significantly from the
current Spanish legislation, both in terms of operations and the requirements for pilot
training, operator and user registration, and aircraft technical features.
To this, the new European Regulations have made significant changes to the prior
regulation. It appears that the risk of the operation now prevails, taking into account
numerous elements, over the parameter of the mass of the drone at the time of takeoff that had been utilised, and which, in turn, follows the Spanish norm.
Despite the fact that certain types of aquatic drones with numerous applications
already exist in actuality, there is a lack of regulations that govern them, so an
important regulatory gap is identified in this dissertation that must be filled,
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especially given the potential environmental applications they may have; an
objective that is deemed critical.
It is recognised that promoting legislative development of the civil use of aquatic
drones with the participation of all parties involved is critical. The IMO's leadership
will be particularly crucial when it comes to confronting the transcendental legal
difficulty of developing laws that harmonise the consents of the states.
At the moment, the biggest issue impeding the development of this industry is a lack
of legal clarity, since the situation is as follows: on the one hand, the Spanish
regulations, which are rather harsh, are being temporarily enforced, because the
regulations The European Union has a gradual entry into effect and is also being
implemented out in stages through various laws.
Climate change is a fact, and the rise in greenhouse gas emissions and ozonedepleting agents is a big issue.
Following completion of this effort, the demands of the naval industry have been
more thoroughly identified, including both current and future rules. Furthermore, to
demonstrate some potential alternatives for reducing greenhouse gas emissions from
ships.
It has been intended to highlight with this dissertation the importance of drone
technology and the adoption of augmented reality in the world of maritime
inspection that currently encompasses us, as well as the developments that are
gradually being implemented.
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